ABSTRACT
Introduction
The maternal mortality ratio (defined as the number of maternal deaths per 100,000 live births) has shown large variations in different regions of the world. This rate is higher in developing regions (230) compared with developed regions (16) . Latin America has a maternal mortality ratio of 85 1 . It is currently known that the most important direct causes of maternal death are hypertensive disorders, hemorrhage, abortion, and sepsis 2, 3 ; however, the identification of other potentially novel risk factors might provide insights into other possible preventative approaches to maternal death.
Rates of caesarean section have increased in recent decades worldwide 4-5-6 . Recently, Betran et al. 7 analyzed 90% of the total number of live births worldwide between 1990
and 2014, and found that cesarean section rate increased 12.4% in this period. The largest absolute increase occurred in Latin America and the Caribbean (19,4%, from 22,8% to 42.2%) 7 . According to the last official data available in Brazil (2012), this country has the highest cesarean section prevalence in the world -55.6% 8 . Although it is well established that a correct indication of caesarean section is extremely important and can save the lives of mother and newborn, studies have shown that this mode of delivery may expose women to an increased risk of morbidity 9,10,11 and mortality 10, 11 .
The association between cesarean section and maternal death shows contradictory results in different countries [12] [13] [14] [15] [16] [17] . While some studies have found no associations [12] [13] [14] , most of the evidence has shown a positive association in different degrees 10, 11, 15, 16, 17 .
Clark et al. 16 , in USA, found a maternal mortality ratio 10 times higher in cesarean section compared with vaginal birth; Deneux-Tharaux et al. 15 in France, maternal mortality ratio 3.6 times higher; and Gonzales et al. 17 , in Peru, maternal mortality ratio 5.5 times higher.
Interestingly, in studies conducted in countries that have cesarean section rates lower than 15% and high mortality rates (e.g., Sub-Saharan African countries), cesarean section is associated with lower maternal mortality ratios, which demonstrates a protective effect of this procedure 13, 14, 18, 19 . On the other hand, countries with cesarean section rates of more than 30%, such as many in Latin America, cesarean section rates are associated with higher maternal mortality ratios 17, 20 . This suggests that other variables may be involved in the relationship between the mode of delivery and maternal mortality.
It is critically important to explore if there is a relationship between cesarean section and maternal mortality in a region where the rate of caesarean section is the highest in the world and has presented the highest increase in recent decades. The aim of this study was to conduct a literature review on the relationship between maternal mortality and cesarean section in Latin America.
Methods

Inclusion and exclusion criteria
Inclusion criteria:
Searches were limited to publications relating to countries of Latin America (Argentina, Belize, Bolivia, Brazil, Chile, Colombia, Costa Rica, Ecuador, El Salvador, Guatemala, Guyana, Honduras, Mexico, Nicaragua, Panama, Paraguay, Peru, Suriname, Uruguay), written in English, Spanish or Portuguese, published between the year 2000 and 31
December 2015.
Exclusion criteria:
Articles that assess data from Latin America and other regions together, without differentiation; articles that do not allow for any type of comparison between the mode of delivery and maternal death; articles that used only descriptive analysis without an appropriate statistical analysis; articles whose data were collected before 1980.
Literature search strategy:
A systematic literature review on the relationship between maternal death and cesarean section in Latin America was carried out. Boolean Operator 'OR' was used to combine the search terms, whereas between the domains, the Boolean Operator 'AND' was used to combine the three domains (maternal mortality AND mode of delivery AND area of study).
Terms related to maternal mortality were 'maternal death' OR 'maternal mortality'. The specific details of the search results are demonstrated in Figure 1 . A large number of literature articles were generated by the initial searches (1344), many of which were excluded as being unrelated to the search by a review of the title alone or a quick review of the abstract. Following the review of these abstracts, 316 articles were identified for full text consideration before this number was narrowed down to 7 final articles that met the inclusion criteria for the review. Excluded articles (n=309) did not procedure any statistical association between the mode of delivery and maternal death, or assess data from Latin America and other regions together, without differentiation. Articles that evaluated data before 1980 were also excluded. In the final stage of the literature review, 7 final articles were selected.
Language restrictions were not applied in the search or in the selection process.
Potentially eligible datasets included journal articles, registries, and published or unpublished information from government or other agencies, whether available in print or online. In addition, data from 'Grey literature' was also examined from contacted experts in the field.
Each title, abstract, full text, dissertation/thesis and grey literature was evaluated by the same author. Thus, 7 articles were considered in the final analysis.
Insert Figure 1 Data extraction, synthesis and critical appraisal
The papers that fulfilled the inclusion criteria were then read fully, and a quality assessment was conducted through critical appraisal by the author. The tool used for the evaluation was PROMPT, a structured approach to the critical evaluation of information (provenance, relevance, objectivity, method, presentation, timeliness 21 ).
Key findings on the association between maternal mortality and the mode of delivery in Latin America were noted as necessary factors to take into consideration, including logistic regression (odds ratio) and the relative risk. Moreover, information regarding whether maternal death was secondary to complications of cesarean section or to underlying conditions and the difference between the risk of maternal death associated with planned or elective cesarean section, emergency cesarean section or intrapartum cesarean section were analyzed. Particular attention was given to the articles with analysis adjusted for confounders such as low or high risk pregnancy.
Results
Seven articles were identified for final analysis. An overview of the data contained in the reviewed articles is presented in the Table 1 .
Insert Table 1 Of the seven studies identified, all were observational studies. Most of the studies (6) were retrospective 17, [22] [23] [24] [25] [26] , and one was prospective 20 . Of the 6 retrospective studies The analysis of risk of maternal death and the mode of delivery adjusted for confounders are shown in Table 1 . All studies that used logistic regression analysis (6) 17, 20, 22, 24, 25, 26 showed that cesarean section was associated with a significantly higher risk of maternal death than vaginal birth. The adjusted ORs ranged from 1.6 to 7.08 (Table 1 ). In one study 23 , relative risk analysis indicated a positive association between cesarean section and maternal mortality (RR=10.7, 95% CI=3.07-37.77).
Data extracted from studies that separated elective, intrapartum and emergency cesarean section is presented in the Table 2 . This type of sample stratification was performed in only two of the studies included in this review 17, 20 .
Discussion
This systematic literature review aimed to explore the association between cesarean section and maternal mortality in Latin America. To the best of our knowledge, this is the first study to systematically review this association in the world region that has the highest cesarean section rates 7 . To date, most of the publications on this topic suggest an increased risk of maternal death following cesarean section compared with vaginal birth. However, it is evident that the lack of studies hinders our ability to draw more definitive conclusions. Thus, this association can only be confirmed by further studies, with appropriate methodological designs.
The positive association between cesarean section and maternal mortality in Latin It is important to highlight that all the 5 studies that presented analyses adjusted for clinical (4) or social (1) confounders 17, 22, [24] [25] [26] (Table 1 ), showed that cesarean section was associated with a significantly higher risk of maternal death than vaginal birth in Latin America. These adjustments can be considered a very important procedure in these studies, because some conditions -such as hypertensive disorders, heart disease and low socioeconomic conditions could be contributors to mortality and must be considered in statistical analyses.
Another approach that was used in the review of this topic was to analyze the performance of elective, emergency or intrapartum cesarean section, which can indicate different degrees of risk. This information was considered only in two studies in the present review 17, 20 (Table 2) . Villar et al. 20 found that elective and intrapartum cesarean section were associated with a significantly higher risk for maternal death than for vaginal birth. Gonzales et al. 17 conducted a logistic model adjusted for some important confounders (Table 1) , and found that, compared with vaginal birth, elective and emergency cesarean section were associated with a significantly higher risk of maternal death. Importantly, the maternal mortality ratio for cesarean section was approximately 5 times greater than that for vaginal birth in both studies 17, 20 .
Two studies included in the present review did not adjust the analysis for any confounder. However, it is important to consider that Villar et al 20 excluded emergency cesarean section without labor in their study, thus diminishing the chance of bias.
Although Ramos et al 23 did not adjusted the analysis for any confounder, they considered, in the RR analysis, only the cases in which death could be attributed to the mode of delivery (surgical-and/or anaesthetic-related deaths in cesarean section, and hemorrhage and infection with vaginal birth). This can indicate that the lack of adjustment was not an important limitation.
This review has some limitations. Of the 20 countries in Latin America, only 8 were evaluated because there were no studies published in the other countries. Most of the studies were conducted in Brazil, which presents a better economic condition than other countries such as Bolivia, El Salvador, Guatemala and Honduras. It is also evident that there is a small number of studies. No peer review was performed and, despite our efforts to include all available studies, some could have been missed, and publication bias could exist. Heterogeneity of the populations (e.g., city residents, state residents, hospitals that do not represent the general population) can also be consider as a
limitation.
An important aspect is that there were no publications in the literature of Latin America with an ideal study design and adequate power to establish the relationship between maternal mortality and the mode of delivery. In this sense, population-based analyses of maternal death should be conducted, and a prospective trial considering low risk and high risk planned vaginal birth and elective cesarean section (with and without medical indication) is warranted to resolve the current debate. Moreover, it is necessary to account for short-and long-term outcomes in successive deliveries throughout reproductive life 32 . Long-term complications such as uterine rupture, placenta previa or placenta accreta with subsequent pregnancy may impact maternal mortality 33 .
Conclusions
All of the seven articles demonstrated that there might be a greater risk of maternal death with cesarean section than with vaginal birth. However, it is evident that the small number of studies and countries covered in the region limit the ability to establish these associations. Further studies are needed to address a better understanding of this issue.
Additional studies that control the maternal confounders, such as high-risk and low-risk pregnancies in planned vaginal and planned elective cesarean section should be conducted.
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Highlights:
A systematic review through six electronic databases was conducted.
Seven articles were identified for final analysis.
There might be a greater risk of maternal death with cesarean section than with vaginal birth. 
